Abstract Toxocariasis is a helminthozoonotic disease caused by ascarid larvae of Toxocara genus: Toxocara canis and Toxocara cati. In the reported study, the clinical course of toxocariasis and administered therapy were evaluated in 103 children. The majority of the children (68.9%) were from the rural environment, with a prevalence of boys (62.1%). At diagnosis of infection, 36 (35%) children reported recurrent abdominal pain, 19 (18.4%) headache, 6 (5.8%) loss of appetite, 2 subfebrile conditions, and 2 arthralgia, Moreover, 23 (22.3%) children demonstrated symptoms of atopic diseases; in 30 (29.1%) children, moderate enlargement of lymphatic nodes was noted. In five children (4.9%), ophthalmic examination revealed unilateral changes in the eye: in two cases retinitis; in one case fibrotic lesions in the vitreous body, complicated 1 year from diagnosis by retinal detachment; and in other children parafoveal lesions and cataract. Only two children with ocular changes at diagnosis reported visual disorders. In 64.3% of children, eosinophilia was observed. A covert form of the disease was diagnosed in 95.1% of the children and an ocular form in 4.9%. In all the children, antiparasitic treatment was implemented, repeated several times in some of them. After therapy, the mean titer of specific antibodies, the number of children with abdominal pains and enlarged lymphatic nodes were decreased, while headaches maintained at unchanged levels. In approximately one fourth of the children with negative results of antibodies after the therapy, the symptoms of the disease were still reported.
Introduction
Toxocariasis is a helminthozoonotic disease caused by ascarid larvae of Toxocara genus prevalent in dogs (Toxocara canis) and cats (Toxocara cati) (Beaver et al. 1952; Despommier 2003) . The adult form of both ascarids produces eggs, which are passed in the feces into the environment. The main source of T. canis eggs are young dogs which become infected mainly via transplacental transmission (Gillespie 2001) . Men may become accidental hosts of these parasites, infected with eggs from contaminated soil, sand pits, undercooked contaminated meat, and liver (Okulewicz and Złotorzycka 1997) . Also, contact with fur and feces of young infected cats and dogs and wild animals may be source of the disease (Roddie et al. 2008) . The risk of Toxocara infection increases in proportion with environmental contamination (Alderete et al. 2003; Conde Garcia et al. 1998) . Important risk factors of Toxocara transmission include keeping dogs, geophagia (Fan et al. 2005; Luzna-Lyskov 2000) , age, sex, geographical location, and poor socioeconomical status (Campos Júnior et al. 2003; Fillaux et al. 2007 ). The prevalence of serological markers of T. canis infection in Western countries ranges between 2% and 37% (Magnaval et al. 2001) , in tropical countries the seroprevalence is much higher and may reach even 92.8% (Chomel et al. 1993; Magnaval et al. 1994) , while in Poland in selected populations it ranges between 20.7% and 46.6% (Wnukowska et al. 2003; Hermanowska-Szpakowicz et al. 2001; Cielecka et al. 2003) .
The developmental cycle of T. canis in men begins with ingestion of infective eggs containing larvae. The embryonated eggs hatch in the duodenum, where released larvae perforate the small intestine wall and with the blood stream migrate to the liver, lungs, muscles, heart, and sometimes also eye and CNS (Wilder 1950; Dent et al. 1956; Schantz 1989; Glickman and Schantz 1981) . The severity of the disease in humans depends not only on the intensity of infection and sites of perforation but also on the intensity of inflammatory response of the host. Inflammatory reaction is a result of immunological response to secretory-excretory antigens of the larvae, which are a mixture of glycoproteins containing a component TBA-1 with potential immunogenic properties (Sugane and Oshima 1983) . In infected hosts, the level of immunoglobulins IgG, IgM, and in particular IgE increases, accompanied by eosinophilia (Buijs et al. 1995) . In the majority of cases in humans, the disease is either covert or asymptomatic (Glickman and Shofer 1987; Magnaval et al. 1994; Bass et al. 1983; Bass et al. 1987) . Clinical manifestation usually is visceral or ocular (Schantz 1989) . The visceral form is caused by the migration of larvae through large organs and is characterized by fever, joint and muscle pain, abdominal pain, enlargement of lymphatic nodes, and hepatosplenomegaly; sometimes it may lead to aseptic eozynophilic encephalomeningitis, encephalitis, and epilepsy. Visceral form also presents as inflammation of the joints, rash, eosinophilic inflammation of subdermal tissue, eosinophilic pneumonia, and endocarditis (Humbert et al. 2000; Figueiredo et al. 2005; Gavignet et al. 2008) . Ocular form typically occurs in older children and young adults. Infestation in the eye leads to endophthalmitis with retinal detachment, retinal granulomatous lesions, proliferation, uveitis, papillitis, and as a result visual loss (Schantz 1989) .
The diagnosis is confirmed by the presence of specific antibodies, mainly of the IgG class-Toxocara excretory-secretory antigens (TES-Ag)-characteristic for stage II larvae, detected by ELISA method (Jacquier et al. 1991) and verified by the Western blot test (Magnaval et al. 1991) . Recently, determination of specific IgE antibodies concentration has also been introduced; IgE antibodies level may be increased at normal level of IgG antibodies and with lack of clinical symptoms (Magnaval et al. 1992; Uhlíková et al. 1996) . Because of high incidence of T. canis infection in children, risk of development of clinically serious forms of the disease, and lack of clear diagnostic criteria of the active phase of the disease and its cure, we conducted studies aimed at analysis of the clinical course and efficacy of treatment in long-term observation.
Material and methods
The study comprised 103 children treated for toxocariasis at the Zoonotic Diseases Outpatient Office, Mother's Memorial Hospital (ICZMP) in Łódź, between 2003 and 2009 . In all children, the diagnosis was confirmed by immunoserological test ELISA, aimed at detection of specific IgG antibodies against TES-Ag, characteristic for stage II larvae of T. canis (commercial test from Bordier Affinity Products, Switzerland). Absorbance was measured at 405 nm using PR 2100 Sanofi Diagnostics Pasteur spectrophotometer. According to the producer's data, specificity of the test is assumed to be 86% and sensitivity 91% (Jacquier et al. 1991) . The results were assumed to be negative when the absorbance of the analyzed serum was higher than weak positive control. The results were presented as percentages, where values 0-28% represent absorbance of the negative control, 28-32% weak positive, and 32-100% positive control. Values between 32% and 100% confirmed T. canis infection. Serological tests were performed in the Department of Clinical Microbiology, ICZMP, in Łódź.
In all children history, physical examination results and serological tests results for T. canis infection were analyzed, as well as ophthalmic examination and implemented treatment. Laboratory test results such as full blood count (with percentage of eosinophils in peripheral blood smear), liver tests, total IgE, tests toward other microorganisms infection, imaging studies, and consultations in clinically justified cases were also taken into consideration.
Statistical analysis
The obtained results were used to calculate mean values (x) and SD. For statistical analysis, specific antibodies titers below 28% were accepted as 28% and >100% as 100%. Statistical significance was evaluated by nonparametrical tests-MannWhitney U test for independent variables and Wilcoxon test for dependent variables. Significance level was adopted at p≤ 0.05. For selected values, correlation was described by Pearson linear correlation coefficients, with determination of significance and linear regression equations. Parameters of linear regression were calculated by the smallest squares method. The statistical analysis was performed using STATISTICA 5.0 PL program.
Results
Age, sex, and place of residence Mean age of the analyzed children was 7.3±3.4 lat (max 14.7, min 1.4 years). In the studied group, male sex prevailed (64 boys, 39 girls; p<0.05). On physical examination in 30 (29.1%) children, moderate enlargement of lymphatic nodes was noted (in 4 cases of cervical and axillary nodes, in 18 cases of cervical nodes, in 6 cases of submandibular nodes, in 2 cases of axillary nodes) and in one child abdominal tenderness. In five children (4.9%), ophthalmic examination revealed unilateral changes in the eye: in two cases retinitis; in one case fibrotic lesions in the vitreous body, complicated 1 year from diagnosis by retinal detachment; and in other children parafoveal lesions and cataract. Only two children with ocular changes at diagnosis reported visual disorders.
At diagnosis of infection in 45 (from 70 available studies-64.3%) children, eosinophilia (increased number of eosinophils in peripheral blood smear above 5% of all leukocytes) was observed. At the onset of observation, mean eosinophil count was 9.9±8.5% (max 34%). In one child, mild anemia was noted (Table 2) .
In the studied group in 98 (95.1%) children, covert form of the disease was diagnosed and in five (4.9%) ocular form. In 27 children (26.2%), the only reason for toxocariasis diagnostic was eosinophilia observed during control examinations and/or symptoms of atopic disease. In three cases (2.9%), there were no symptoms, and the children were sent for consultation due to the presence of parasitic disease in the family.
Serological tests
Mean titer of antibodies against T. canis at diagnosis was 82.1± 23.9%, while 55 children (53.4%) showed titers >100%.
Treatment
In all 103 children, antiparasitic treatment was implemented. Some children required repeated courses: Within the analyzed time span in 103 children, 72 were qualified for two courses, 46 for three courses, and 40 for more. Treatment regime was created on an individual basis. The following antihelmintics were used: albendazole (Zentel) for 3-5 days or albendazole for 3 days and then after 3 weeks mebendazole (Vermox) for 3 days, or 6 days of mebendazole. Albendazole was administered in the dose of 400 mg/day and mebendazole in the dose of 100-200 mg/day. Ocular forms of toxocariasis were treated in cooperation with ophthalmologists, and several courses of treatment were used, i.e., thiabendazole (Mintezol 50 mg/kg/ day for 7 days), albendazole, and/or mebendazole in combination with steroids.
The number of applied treatment courses depended on patient's place of residence Analysis of the number of antiparasitic therapy courses and residence place showed that 69% of children from rural areas required two courses of antihelmintic treatment, and 50.7% required three courses, while in children from urban areas, the numbers were 58.3% and 16.7%, respectively (Table 3) .
Serological tests after subsequent treatment courses
After course 1 of treatment, on the average after 178.4± 114.7 days (min 14, max 591, median 139 days) in the studied group, the mean titer of specific antibodies against T. canis significantly decreased to 69.7±29.8% (p<0.001); negative results were observed in 18 (17.5%) patients, and in 38 (36.9%) titers exceeded 100%.
In the group of 72 children qualified for the second course of antihelmintics, before course 2, mean titer of antibodies was 84.0±21.5%, and in 39 (54.2%) children, it exceeded 100%. After the second course in the studies conducted after 230.6± 163.8 days, the titer significantly decreased to 67.5±28.5% (p< 0.001)-11 (15.2%) children had negative titers and 21 (29.1%) children >100%.
In the group of 46 children qualified for the third course, before course 3, mean titer of specific antibodies was 82.5± 20.7%-23 (50%) children showed titer >100%. In the study conducted 305±411 days after course 3, the titer significantly decreased to 70.4±29.2% (p<0.05)-15 (32.6%) children showed titer >100% and six (13%) children had negative results.
Clinical symptoms after subsequent treatment courses
The analysis of clinical symptoms in the whole group showed a decrease-after treatment-of the percentage of children with abdominal pain (mainly after course 3) and enlargement of lymphatic nodes (mainly after course 1 and 3) ( Table 4) . Among children with negative results of antibodies against T. canis after course 1, in four cases (21.1%) headaches persisted, in five (26.3%) cases abdominal pain, and in three (15.8%) lymphatic nodes enlargement (Table 5) .
After the first course eosinophil count in the whole group significantly decreased (p<0.05) from 9.9±8.5% to 7.6± 6.1%, and after the second and third course, mean eosinophil count showed a lowering tendency (from 8.7±6.3% to 7.9± 6.4% and from 9.1±7.0% to 7.7±5.6%, respectively).
The dynamic of antibody and eosinophil titer reduction in course of therapy
In the studied group of children, we observed a subgroup in which after antiparasitic treatment (after courses 1, 2, or 3) in subsequent serological test toward toxocariasis results were negative and a subgroup in which the results were highly positive (>100%). In Table 6 , we present selected parameters in subgroups. Statistical analysis revealed significantly lower titer of antibodies against T. canis before treatment (before courses 1, 2, and 3) in children in whom after treatment results were negative, as compared to children in whom results after therapy were highly positive.
The statistical analysis conducted in the group of children in whom after treatment titer of specific antibodies decreased showed, during all three courses of treatment, positive correlation between the degree of titer decrease (difference of antibodies titer before and after therapy) and titer before treatment, but no correlation between the degree of titer decrease (difference of antibodies titer before and after therapy) and time span that elapsed to titer determination. Similarly, in children in whom eosinophil count decreased after therapy, during all three courses of treatment, a positive correlation was between the difference in eosinophil count after treatment and eosinophil count before treatment. There was no correlation between specific antibodies titer and eosinophil count, both in studies performed before and after subsequent courses of treatment (Tables 7 and 8 ).
Discussion
Toxocariasis belongs to most common parasitic zoonotic diseases worldwide. Positive serological tests toward Toxocara are particularly common in developing countries, especially in rural areas and some tropical islands, where they may even reach 92.8% (La Reunion) (Magnaval et al. 1994) . In western countries, the occurrence of positive serological markers for Toxocara is estimated at 2-5% in industrial areas and 14.2-37% in rural areas (Magnaval et al. 2001 ).
There are no data concerning the occurrence of T. canis infection in Poland. Studies conducted in selected populations of children and adolescents reveal the presence of positive serological markers in 25.9-46.6% in Mazowieckie district (Wnukowska et al. 2003) , 43% in Łódź district (Cielecka et al. 2003) , and 20.7% in Podlaskie district (Hermanowska-Szpakowicz et al. 2001 ). According to numerous reports, rural environment predisposes to toxocariasis. In France, the incidence of infection in rural populations is estimated at 14.4%, with Turkey at 16.97%, while in urban areas at 4.8% and 0.71%, respectively (Magnaval and Baixench 1993; Doğan et al. 2007) .
Similarly, in the presented study, the majority of patients with T. canis infection (68.9%) came from rural areas. In some reports on Polish population, the numbers cited for urban children are even higher. Gawor et al. (2008) in their study concentrating on one of the diagnostic centers in the Mazowieckie district found that 65% of children with diagnosed toxocariasis came from the cities or suburbs. Presented higher incidence of infection in cities could have been connected with higher availability of diagnostic tests in cities, but contamination of the environment cannot be overruled. Following some authors (Mizgajska et al. 2001; Pawłowski and Mizgajska 2002 ) a higher contamination with Toxocara eggs of soil from the centre of Poznań (53% of all soil samples) than soil from rural and suburban recreation centers was stressed. The situation is similar in Kraków and its surroundings, where 57% of soil samples from the city center showed presence of Toxocara eggs and from rural and recreation areas only 5-16% (Mizgajska 2000) . However, studies of Gawor et al. (2008) in the Mazowieckie district did not confirm higher contamination of soil in the cities but showed that soil from house gardens contained Toxocara eggs more frequently than playgrounds and sand pits for children both in the cities and small villages.
The obtained results should draw attention to the problem of toxocariasis in small cities. Although in the presented study the percentage of children from big and small cities differed only slightly (11.7% and 19.4%, respectively), however if the number of children from urban areas was compared to the number of inhabitants in their respective cities (Central Statistical and Information 2009), one child from the Centre would correspond to 200,000 children from big cities and about 25,000 children from small cities.
Toxocariasis is mainly a childhood disease, due to close contacts of children with animals, playing in sand pits contaminated with cats and dogs excrements, failure to observe hygiene, and tendency to put dirty hands in the mouth. However, some authors draw attention to the frequent occurrence of positive serological reactions in people over 60 years old (Gueglio et al. 1994) , as well as in farmers, veterinarians, slaughterhouse staff, and hunters (Deutz et al. 2005) . In studies of Deutz et al. (2005) , having a dog or cat by farmers and slaughterhouse staff was a risk factor of toxocariasis. In the conducted study, the average age of children was 7.3 years (similar in both sexes). In the study group, boys prevailed, which results from their habits of spending free time, mainly outdoors, and failure to observe even basic hygiene. Manifestation of toxocariasis is varied and non-characteristic, in many instances also asymptomatic (Pawlowski 2001) . In the studied group of children, in 95.1% of cases covert form of the disease was diagnosed and in 4.9% the ocular form.
In the group of children with covert form of disease, in three cases the only cause for contacting a doctor was toxocariasis diagnosed in the close environment of the child. In 26.2% of children, diagnostics toward parasitic disease was initiated because of positive allergic history or eosinophilia. In the study of Dobosz et al. (2007) in as many as 28% of children with diagnosed toxocariasis diagnostic tests were done because the children's siblings were infected with Toxocara, and in 46% of children eosinophilia, high IgE titer or anemia observed in laboratory tests performed for other reasons. Similarly, Despommier (2003) in their study found that in 50% of children toxocariasis was suspected only because of eosinophilia, elevated IgE serum concentration, or anemia. The role of eosinophil cells in fighting infection is less understood than in other helminthozoonotic diseases and appears to play less significant role, probably due to the development of Toxocara various defense mechanisms against the host immune response. According to Horak et al. (2005) , the excessive peripheral eosinophilia is a result from successful host manipulation by parasite, leading to host's inability to develop adequate inflammatory response. They also point out that it should not be correlated with the antiparasite response in larval toxocariasis.
In the analyzed group of children, the most common complaint was abdominal pain (35% of cases). It is noteworthy that this symptom is by far the most common, though not pathognomonic, symptom of all childhood diseases. Antiparasitic treatment brings relief of this symptom, which confirms the connection between Toxocara infection and abdominal pain in the studied group of children; however, in some children, the symptom persists despite normalization of serological parameters of infection, which necessitates further diagnostics and differentiation.
Mild enlargement of lymphatic nodes is present in about 30% of children, which seems to be similar as in general population. Studies conducted within All-Polish Prophylactic Ultrasound Survey in much younger children, 9-24 months, reveal lymphatic nodes enlargement of reactive type in 52.4% of cases (Madej et al. 2007 ). However, decrease in nodes size after treatment, similarly as abdominal pain, may suggest T. canis etiology.
Headaches are quite common in the studied group of children and oftentimes are reason for diagnostics towards toxocariasis. It is noteworthy that in long-term observation the occurrence of headaches did not decrease despite treatment, also in children with negative serological markers of infection. This observation diminishes the value of this symptom in the latent form of T. canis infection, even though cerebral form of the disease should always be taken into account. There are about 30 available case reports on neurotoxocariasis connected with location of the larvae in the CNS; however, allergic reactions to T. canis antigens may also lead to neurological abnormalities (Osoegawa et al. 2004) .
Numerous reports indicate that T. canis infection may increase the risk of episodic wheezing in some populations, which may result from host response to parasitic infestation or from Th2-type reaction to inhaled allergens, stimulated by T. Table 6 An analysis of selected parameters in children with a negative titer of antibodies against T. canis after treatment Antibody titer before therapy (%) (medium ± SD) Antibody titer after therapy (%) (medium ± SD)
The number of days from therapy onset to antibody titer assessment (medium ± SD) canis (Maizels and Yazdanbakhsh 2003; Cooper 2009 ). Incidence of positive allergic history in the studied group of children (22.3%) was similar to the occurrence of allergy determined by Majkowska-Wojciechowska et al. (2000) in the pediatric population from Łódź. In the above-mentioned study, almost 20% of children aged 7-15 reported allergic symptoms from the lower respiratory tract, 30.6% allergic rhinitis, 9% food allergy, and 16.4% various skin reactions.
Although some authors suggest a contribution of T. canis infection to the allergic sensitization (e.g., Taylor et al. 1988; Buijs et al. 1994; Oteifa et al. 1998; Buijs et al. 1997) , our results do not confirm this observation. Location of the larvae in the eye may lead to irreversible damage up to complete loss of vision, although in some cases it may be asymptomatic, with even no elevation of infection markers. In the studied group, 4.6% of children had ocular form of the disease. Ocular form appears to be endemic in some areas worldwide-in Alabama, the estimated incidence is one per 100,000 persons (Maetz et al. 1987) . However, in studies conducted in France in the early 1990s, none of 401 seropositive individuals was diagnosed as ocular toxocariasis (Gueglio et al. 1994) . In the study of Dobosz et al. (2007) , 21% of children toxocariasis involved the eye; however, this group comprised children treated at the Child Memorial Health Institute, which is the national reference center for difficult ophthalmologic cases. Numerous authors stress the prevalence of ocular form in older children and adults. In the presented group, ocular lesions were present in children aged 4-7 years, and the majority of them were boys from rural areas. Contrary to other authors' reports (e.g., Knapen et al. 1983; Juszko et al. 1994; Magnaval et al. 2001) , in our group in all children, high titers of specific antibodies were present.
T. canis infection oftentimes is a self-limiting disease; thus, many authors suggest in latent forms, in particular those without eosinophilia, no antiparasitic treatment, just observation, and prophylaxis of concomitant infections (e.g., Magnaval et al. 2001 ). In the presented group of children due to risk of ocular form, which may develop in all stages of the disease, with low or high specific antibodies levels in all children with T. canis, infection antiparasitic treatment was implemented.
According to many authors, evaluation of the efficacy of treatment is difficult. In asymptomatic forms, the efficacy of therapy may be marked by clinical symptoms disappearance, though is not always correlated with concomitant decrease in serological infection markers. In asymptomatic forms of the disease, the detection of specific anti-Toxocara IgG does not appear to be useful for monitoring therapy, as positive titers seem to be present over a long period of time. According to Bass et al. (1987) , when ELISA antibody titers were compared between treated and untreated children, they did not differ significantly as a result of antiparasitic treatment. In the presented group, if high titers of specific antibodies were still detected 6 months after treatment, with presence of eosinophilia and/or other clinical symptoms of toxocariasis, antihelmintic treatment was repeated.
In the studies conducted on average 6, 8, and 10 months from subsequent courses of antiparasitic treatment, mean titers of specific anti-Toxocara IgG significantly decreased in children who received treatment, by 12%, 16%, and 12%, respectively. Analysis of individual cases shows that kinetics of antibody titers varies significantly. In some children, titers of about 70% decreased by over 50% in the period of 6 months and were negative, but in some children, titers >100% remained high (or recurred) despite several courses of antiparasitic treatment. In a 2-year follow-up, the titers >100% were still present in about 10% of cases. The presented data suggest possibility of high kinetics of specific anti-Toxocara IgG decrease and indicate that in resistant cases with persistent high titers, superinfection must be taken into account.
In our material, there was no correlation between the degree of specific anti-Toxocara IgG decrease and time span after treatment; however, there was a positive correlation with antibodies concentration decrease and concentration level before therapy. We have demonstrated also that high titers of specific anti-Toxocara antibodies were present for a longer time in children from rural areas and from small cities and that in this group of children, repeated antiparasitic therapy courses were necessary more often. The above observation may indicate that persistent high titers of antibodies may be due to superinfection in the place of residence. Similarly in the Żarnowska et al. (2008) in about 40% of children from non-contaminated areas 2 years after treatment, specific anti-Toxocara antibody concentration decreased by 50%, in contrast to children from contaminated areas, where no such reaction was noted.
Conclusions
T. canis infection in children presents which non-characteristic symptoms. Due to risk of ocular form, which may develop in any stage of the disease, irrespectively of specific antibodies concentrations, it seems justified to implement antiparasitic treatment in all children infected with T. canis. Evaluation of the efficacy of treatment is not easy due to non-characteristic symptoms; low kinetics of specific anti-Toxocara IgG decrease; however, high IgG titers suggest non-effective treatment of concomitant infection requiring subsequent therapy.
In conclusion of the above, constant multispecialistic care of patients with T. canis infection, widening of indications for repeated antiparasitic therapy, and introduction of new diagnostic methods for detection of new cases, apart from widespread prophylactic efforts, may become a crucial element in the prevention of consequences and complications of toxocariasis.
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